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Abstract 28 
Background and Purpose: The anterior cruciate ligament is a vital structure of the knee, 29 
especially for athletes involved in agility driven sports. Currently, the prevalence of anterior 30 
cruciate ligament injuries is on the rise in young female athletes. Females in general are more 31 
susceptible to these injuries because of their anatomical structure, possibly hormone balances, 32 
and other factors. The purpose of this Case Report is to provide a comprehensive account of the 33 
physical therapy treatment provided to a young female athlete status post left anterior cruciate 34 
ligament reconstruction. 35 
Case Description: The patient is an eighteen year old female athlete who injured her left 36 
anterior cruciate ligament while playing lacrosse in high school. She planned to play lacrosse and 37 
run track in college and underwent an anterior cruciate ligament repair with a medial 38 
meniscectomy. This was the patient's second anterior cruciate ligament repair (first was years 39 
prior on the right lower extremity) so she knew what to expect and was compliant with all 40 
physical therapy aspects. 41 
Outcomes: The patient made vast improvement in range of motion, strength, and functional 42 
abilities, but she due to time constraints and her college schedule she was not able to complete 43 
her rehabilitation with this clinic. She was either on par with, or surpassing all expected outcome 44 
measures at the time of discharge, but was not yet able to run or perform higher level/sport 45 
specific exercises. 46 
Discussion: The patient had no issues during this episode of care and achieved/surpassed the 47 
expected level of function for the discharge time. She is expected to make a full recovery and 48 
return to sport with the proper continued training and rehab. 49 
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Background/Purpose 50 
 The main functions of the anterior cruciate ligament are to prevent anterior translation of 51 
the tibia on the femur and to check lateral rotation of the tibia in knee flexion.1 With these 52 
combined functions the ACL provides stability for the knee and is especially critical during the 53 
agility actions required in sports. The ACL is typically injured in non-contact sports by a sudden 54 
deceleration prior to a change of direction or landing motion.2  55 
  The incidence of anterior cruciate ligament reconstruction increased between 1994 and 56 
2006, particularly in females as well as those younger than twenty years.3 A study conducted by 57 
Beynnon et al. showed that female athletes were more than twice as likely to sustain an injury to 58 
the ACL.4 Multiple factors have been alluded to as the cause for the increased incidence of ACL 59 
injuries in females. Females generally have an increased femoral anteversion, an increased Q 60 
angle, excessive tibial torsion, and excessive subtalar pronation compared to males.5 These 61 
factors all place more stress on the ACL and put the female athlete at great risk for ACL rupture. 62 
Studies on the fluctuations in progesterone, oestrogen and relaxin throughout the menstrual cycle 63 
found that increases in oestrogen and relaxin coincide with a 40% decrease in the rate of collagen 64 
synthesis.5 These finding could contribute to why more ACL injuries occur in females, but no 65 
studies have conclusively shown when during the menstrual cycle the female athlete is more 66 
prone to injury.5 67 
 While ACL injury was cited as the largest single problem in orthopedic sports medicine6, 68 
it is infrequently the only knee structure injured during the damage.7 Often the patient sustains a 69 
meniscal injury while injuring the ACL. Physical therapy plays an important role in the 70 
rehabilitation of this increasingly common injury, especially for athletes looking to return to 71 
sport.8 The purpose of this case report is to provide a comprehensive account of the physical 72 
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therapy treatment provided to a young female athlete after left anterior cruciate ligament 73 
reconstruction. 74 
Case Description 75 
History: 76 
The patient was an eighteen year old female student athlete who injured her left anterior cruciate 77 
ligament and medial meniscus while playing lacrosse. She underwent surgery to repair the ACL 78 
and remove the injured portion of her medial meniscus. She is Caucasian from the northeastern 79 
United States and plans to attend college this coming fall. The patient will be running track and 80 
playing Lacrosse while at college and has been in contact with her coaching staff about her 81 
rehabilitation from this injury and surgical repair. She was living with her parents and younger 82 
brother in a supportive household. Her parents were very involved with assisting her during 83 
recovery. Before surgery the patient was working at a retail clothing store; which she returned to 84 
during this episode of care. The patient was generally very healthy; she exercised regularly, ate a 85 
well balanced diet, did not smoke, and had no co-morbidities that could affect the success of her 86 
rehabilitation. Her family history specifics were unknown, but while meeting both parents there 87 
were no apparent health concerns. The patient had a history of a previous ACL repair in the right 88 
knee two years ago, which was complicated by an infection. The patient was seen at this facility 89 
for the rehab of the previous repair and some of the interventions performed during this episode 90 
of care were driven by the knowledge of past problems. The patient started her rehabilitation for 91 
the left ACL at activity and weight bearing as tolerated while wearing her brace and was using 92 
crutches at initial evaluation. Directly after surgery, during her first few appointments, the patient 93 
was taking pain killers and anti-inflammatory medications, as well as prophylactic antibiotics 94 
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due to her history of infection with the right ACL repair. During initial evaluation the patient was 95 
still experiencing the effects of the nerve block used, so pain was not a factor. 96 
 Patient tore her left ACL while playing lacrosse when she planted her foot while running 97 
and felt a pop. The tear was confirmed with an MRI and the patient was sent to Pre-op Physical 98 
Therapy before surgery. At time of evaluation she was experiencing very little pain (max of 99 
3/10) due to a nerve block that was still affecting her. Patient presented with impaired gross knee 100 
strength and range of motion (ROM). As well as impaired gait and balance due to weakness, 101 
pain, and use of knee brace and crutches. She also had large bruises in the back of her knee and 102 
multiple incisions that were clean and dry. A dressing change was performed at evaluation. 103 
Results of the systems review can be found in Table 1. 104 
 The patient's main goal was to return to track and lacrosse and be able to perform all of 105 
the necessary agility maneuvers needed to participate in these sports at the collegiate level. The 106 
patient also had goals of being able to drive and return to work during.  107 
Clinical Impression 1 108 
 After initial evaluation and performance of a systems review the decision was made to 109 
continue with the treatment of this patient. The patient was a good candidate for a case report 110 
because her history of infection and the complications caused by that infection during the repair 111 
of her right ACL years prior. This history led to aggressive decisions during initial treatment 112 
sessions. She also had excellent rehabilitation potential because she was a young healthy athlete. 113 
This combination of rehab potential and history will show how the physical therapy protocol of 114 
an ACL repair and medial meniscectomy rehabilitate a patient without any other co-morbidities. 115 
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The patient is also part of a growing population of young female athletes with ACL injuries and 116 
repairs. The case study will provide important information on treatment of this population 117 
Exam – Tests and Measures 118 
 Tests and measures used to evaluate the patient's status can be found in Table 2. 119 
Range of Motion (ROM) 120 
 At evaluation active assistive ROM (AAROM) of knee flexion was used so as not to 121 
place undue stress upon the newly operated knee. The rest of the measures were taking using 122 
active ROM (AROM), which is having the patient complete the ROM without any assistance. 123 
All ROM was measured using a standard goniometer. ROM assessment is important to evaluate 124 
regularly because if the patient does not recover full range their gait and functional mobility will 125 
be affected and, in this case, the patient will not return to 100% for her sports. Goniometric 126 
measurement of knee flexion and extension was found to be reliable and valid by Gogia et al.9  127 
Patellar Mobility 128 
 Tracking of the patella was assessed by observing the patella while the patient contracts 129 
their quadriceps, and noting if it tracks normally through the patellar groove or moves to far to 130 
one side or the other. This assesses imbalances within the quadriceps muscle and can inform the 131 
physical therapist on possible problems during weight bearing exercises later in rehabilitation. 132 
Mobility of the patella was assessed by manually testing the medial and lateral movement of the 133 
patella with the knee in slight flexion. Joint mobility is important for gaining full range of motion 134 
and reducing pain and other orthopedic problems after return to play. The search of literature 135 
didn’t reveal any reliability or validity studies for patella tracking and joint mobility, but it is 136 
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regularly performed by physical therapists that are trained to evaluate it with skilled eyes and 137 
hands. 138 
Manual Muscle Test (MMT)  139 
 During the initial evaluation resisted manual muscle test were not performed so as to not 140 
place undue stress on the knee. Instead, the patient was asked to perform a quad set, which is 141 
contracting the quadriceps muscle while the knee is straight. The physical therapist assesses the 142 
strength of the contraction using the same scale as traditional manual muscle testing. Once the 143 
patient was able to flex and extend the knee against resistance normal manual muscle testing was 144 
performed for the quadriceps and hamstrings. Manual muscle testing was found to be a reliable 145 
test and measure by Wodsworth et al.10 146 
Sensation 147 
 Sensation was tested using the light touch technique for the lower extremity, and was 148 
found to be a reliable and valid test by Savic et al.11 149 
Pain 150 
 Pain was assess regularly for this patient using the numeric pain scale, which is a scale 151 
from 0-10 where zero is no pain at all and ten is the worst pain imaginable. The patient is asked 152 
to subjective rate their current pain on this 0-10 scale. The use of this type of pain scale was 153 
found to be valid and reliable by Hawker et al.12 Pain is an important aspect of all rehabilitation 154 
and often the most critical to the patient's outlook on the success of the episode of care.  155 
Homan's Sign 156 
 Homan's Sign is special test where the foot of the patient's affected lower extremity is 157 
brought into dorsiflexion and pain is assessed for the calf. The therapist may also apply pressure 158 
or squeeze the calf to evoke pain. Pain during the Homan's Sign test is supposed to be indicative 159 
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of a Deep Vein Thrombosis (DVT), but research has shown that it, along with all other DVT 160 
clinical tests, have a poor predictive value of DVT's.13 After reviewing this research the Homan's 161 
sign was an unnecessary test but did not have any clinical repercussions. 162 
Lower Extremity Functional Scale (LEFS)  163 
 The LEFS is a functional scale where the patient is asked to rate their difficulty with 164 
different daily functional activities and movements. The test has a 0-4 scale where zero is 165 
extreme difficulty with the action and four is no difficulty. The test is based on a perfect score of 166 
eighty and was found to be valid and reliable by Binkley et all.14 167 
Clinical Impression 2 168 
 Patient was S/P right ACL repair and medial meniscectomy. She was lacking strength 169 
and range of motion which is as expected after a surgery of this magnitude. She was an athlete 170 
and looking to get back to her sports once healed and rehabilitated. The patient also had a history 171 
of infection during the repair of her right ACL and was on prophylactic antibiotics due to this. 172 
She was progressing as expected considering evaluation was one day post surgery. The patient 173 
had an excellent rehab potential due to her age/health, experience with this surgery, and 174 
supportive family. At the time of evaluation the patient was experiencing multiple impairments. 175 
The impairments were decreased range on motion, decreased strength, and pain. The activity 176 
limitations at evaluation for this patient included the inability to ambulate without crutches or 177 
brace, unable to negotiate stairs reciprocally, unable to drive, and unable to sleep without pain. 178 
The patient's impairments directly lead to these activity limitations; she needed full range of 179 
motion and strength as well as decreased pain in order to walk normally or reciprocally ascend 180 
and descend stairs. In addition, the patient needed to be off pain narcotics to be able to drive, 181 
which required a reduction in pain. Disabilities for this patient included being unable to work or 182 
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participate in workouts for the upcoming college sports season. The patient did not have any co-183 
morbidities that were expected to affect recovery. She had a history of infection but this should 184 
be avoided with the antibiotics she was taking. 185 
 The physical therapy diagnosis for this patient was pattern 4I: Impaired Joint Mobility, 186 
Motor Function, Muscle Performance, and Range of Motion Associated With Bony or Soft 187 
Tissue Surgery. The patient had an excellent physical therapy prognosis due to her age and 188 
overall good health. She also had a successful rehabilitation from the same injury in her right 189 
knee, even with an infection. She showed no signs of an infection and the initial evaluation was 190 
on par with expectations for this surgery. She progressed through the rehabilitation protocol laid 191 
out by her surgeon at the expected rate. 192 
 After reviewing the evaluation and examination data a plan of care was developed:  193 
(1) coordination, communication, and documentation 194 
 Coordinate and communicate with the patient's orthopedic surgeon for Physical Therapy 195 
progress and ACL repair  protocol. Document patient's progress and status each session 196 
during episode of care. 197 
(2) patient/client related instruction 198 
 Patient instruction on home exercise program, pathology of injury discussion, current 199 
activity limitations, and pain relief techniques. 200 
(3) procedural interventions.  201 
 Therapeutic exercise for strength and stability. Neuromuscular electric stimulation for 202 
muscle reeducation. Ice for pain modulation. Manual therapy for ROM and proper patella 203 
tracking.   204 
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 The short and long term goals designed for this patient at evaluation can be found in 205 
Table 3.  206 
Interventions 207 
 The patient was scheduled twice a week for one hour sessions and was very compliant 208 
with treatment. The patient attended every scheduled appointment and listened to the 209 
recommendations made by the therapist. On average, the patient was seen for 90 minutes per 210 
session.  211 
Procedural Interventions 212 
 The procedural interventions mainly focused on therapeutic exercises and manual therapy 213 
to regain functional strength and ROM. The interventions provided for this patient can be seen 214 
below and Appendix 3 has a chart of all specific interventions for the duration of this episode of 215 
care. Figure 1 has examples of the patient performing advanced therapeutic exercises. Petersen et 216 
al. reported that the most common impairments that prevent return to sport following ACL 217 
reconstruction are hip, knee, and ankle strength deficits.15 The interventions performed were 218 
designed to prevent these impairments and optimize the patient's ability to return to sport in the 219 
surgeon's timeline. The procedural intervention time frame was laid out in a protocol assigned by 220 
the patient's surgeon; which can be seen in Appendix 2. All interventions performed throughout 221 
the episode of care originated from this protocol. Some of the interventions at the beginning of 222 
treatment were manipulated immediately because of the patient's history with her previous right 223 
ACL repair. During the right ACL repair rehab the patient's quadriceps muscle took an extended 224 
period of time to function properly due to an infection. With the knowledge that the patient had a 225 
difficult time getting a quad contraction during the last episode of care, the decision was made to 226 
11 
 
immediately start with quad sets that were assisted by neuromuscular electric stimulation. The 227 
electric stimulation causes an involuntary muscle contraction of the quads, so if the patient 228 
cannot perform a quad sets independently they are still receiving the benefit of the exercise. 229 
During the electric stimulation the patient is asked to volitionally contract their quad with the 230 
stimulation to neuromuscularly retrain her quadriceps muscle. Interventions for this patient were 231 
progressed as the patient's strength and functionally ability improved. More challenging 232 
exercises were added throughout the episode of care and the patient was even able to start light 233 
sport specific and plyometric exercises before leaving for school. Manual therapy was performed 234 
to increase knee flexion and extension ROM, as well as to prevent patellar femoral problems. Ice 235 
was used after most sessions to reduce pain and swelling. 236 
Coordination, Communication, Documentation 237 
 Interventions performed relating to coordination, communication, and documentation for 238 
this patient included documenting all information for each session and re-evaluations with 239 
documentation for insurance purposes. Communication with the patient's surgeon was constant 240 
through progress notes. The surgeon was also contacted about coordinating a brace for the 241 
patient before she left for college. Communication between the coaching and athletic training 242 
staff at the patient's college was offered but required by the patient. 243 
Patient Instruction 244 
 Patient instruction included a customized home exercise program and stretching 245 
instructions to increase/maintain ROM on off days. The patient was also instructed about the 246 
precautions pertaining to driving, brace use, returning to work, and running/exercising. Pain 247 
reduction techniques and strategies were relayed to the patient at the start of her rehabilitation. 248 
 249 
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Outcomes 250 
 The patient started physical therapy with impairments only related to her injury and 251 
surgical repairing of that injury. She was limited in knee ROM and lower extremity strength. At 252 
time of discharge the patient had returned to normal ROM and was almost back to normal lower 253 
extremity strength. This discharge situation was predetermined to eight weeks because the 254 
patient knew she would be leaving the area to attend college. This episode of care was cut short 255 
by the start of her school year, but she planned to continue therapy with her school's athletic 256 
trainer and other strength and conditioning staff. The patient was not yet far enough in her 257 
rehabilitation time frame to start real running or intense agility training, but she had made great 258 
gains during her rehab with this facility. Specific measurements of functional changes can be 259 
found in Table 2. One of the most dramatic changes that can be seen in the outcomes table is 260 
LEFS results. The patient started at initial evaluation with a score of 4/80 which is expected. The 261 
LEFS has components of everyday activities for the lower extremity which the patient is not only 262 
unable to perform, but also not allowed to perform at evaluation time. She ended the episode of 263 
care with a 56/80 which is very respectable. The patient basically had no difficulty with all of the 264 
survey items she was allowed to perform at the time of discharge, but due to her not being able to 265 
complete her therapy at this clinical she was still not allowed by the doctor protocol to run or 266 
perform other agility and explosive maneuvers. Overall, the outcomes for this patient were very 267 
promising and I expect her to have a full recovery and be able to return to sport without any 268 
residual issues. 269 
 270 
 271 
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Discussion  272 
 The patient progressed faster than expected and was on track to attain her goal of 273 
returning to play. She made great gains throughout the rehabilitation and was very motivated to 274 
improve. She planned to continue rehabbing at school and with the proper care should be able to 275 
play lacrosse and run track without issue. This episode of care did not provide a full ACL 276 
rehabilitation because of the conflict with the patient's school start but she was left at the best 277 
place possible to succeed. 278 
 This case study was created to explain the specific treatment provided for a young female 279 
athlete following ACL reconstruction and medial meniscectomy. The report has achieved this 280 
purpose and can be used as supplemental information for future patients with the same 281 
impairments. The success of this patient can be seen in the subjective LEFS scores. The 282 
improvement in the LEFS can be related to the interventions provided to decrease hip, knee, and 283 
ankle weaknesses as referred to by Petersen et al.15 Future research could dive deeper into 284 
specific exercises to use for optimal return to sport for females. 285 
 286 
 287 
 288 
 289 
 290 
 291 
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Table 1 336 
Systems Review 
Cardiovascular/Pulmonary  
Not Impaired  
Integumentary  
Impaired  Incision on the anterior left knee over patella- clean and dry. 
Multiple small incisions around left knee from graft and scope 
sites- clean and dry.  
Bruising along the posterior, lateral, and medial aspects of the 
knee.  
Musculoskeletal  
Impaired  Gross strength impairments of the left knee.  
Gross range of motion impairments of the left knee.  
Gait impaired due to pain and use of knee brace to stop knee 
flexion.  
Neuromuscular  
Impaired  Decreased balance due to pain and impaired strength.  
Communication, Affect, Cognition, and Learning Style  
Not Impaired     
 337 
 338 
 339 
 340 
 341 
 342 
 343 
 344 
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Table 2 345 
 346 
 347 
 348 
 349 
 350 
 351 
 352 
 353 
 354 
 355 
 356 
 357 
 358 
Tests and Measures 
Active Range of Motion (goniometry)  
 Evaluation Discharge 
L Knee Extension AROM Lacking 5 degrees 0 Degrees 
L Knee Flexion AROM 30 Degrees (AAROM) 140 Degrees 
Joint Mobility 
L Patellar 
Mobility/Tracking 
Tracking slightly 
laterally 
Limited Mobility 
Normal Tracking 
Normal Mobility 
Knee Strength 
L Quad Set 1/5 5/5 
L Quadriceps Manual 
Muscle Test 
Not Performed -5/5 
L Hamstrings Manual 
Muscle Test 
Not Performed -5/5 
Sensation 
L Light Touch Left Lower Extremity: 
Intact 
Left Lower Extremity: 
Intact 
Functional Assessment Tool 
Lower Extremity 
Functional Scale 
4/80 56/80 
Special Tests 
L Homan's Sign Negative Negative 
Pain 
Numeric Pain Scale 3/10 with nerve 
block(day 1) 
7/10 after nerve block 
done 
0/10 
AROM: Active Range of Motion 
AAROM: Active Assistive Range of Motion 
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Table 3 359 
 360 
 361 
 362 
 363 
 364 
 365 
 366 
 367 
 368 
 369 
 370 
 371 
 372 
 373 
 374 
 375 
 376 
 377 
 378 
 379 
 380 
 381 
Short Term Goals Long Term Goals 
The patient will be able to reach 0 degrees of 
active knee extension within 6 weeks of 
starting Physical Therapy. 
Patient will be able perform all necessary 
agility maneuvers and functional activities 
required to participate in Women's Lacrosse 
and Track for her college within 6 months. 
Patient will be able to reach 140 degrees of 
active knee flexion within 6 weeks of starting 
Physical Therapy. 
 
Patient will have a verbal pain rating no greater 
than 2/10 during functional activities within 6 
weeks. 
 
Patient will be able to ambulate independently 
without the aid of crutches or a brace within 6 
weeks. 
 
Patient will be able to reciprocally negotiate 
stairs independently without an assistive device 
within 6 weeks. 
 
Patient will be able to drive without issue and 
not on any pain medication within 6 weeks. 
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A  
 
 
B 
C 
 
D 
Figure 1 
A: Patient performing squat on Bosu ball 
B: Patient performing side lying hip abduction with therapy ball 
C: Patient performing Rear foot elevated Squat 
D: Patient performing single leg balance on Bosu Ball 
 382 
 383 
 384 
 385 
 386 
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Appendix 1 387 
 Lower Extremity Functional Scale 388 
 389 
 390 
 391 
 392 
 393 
 394 
 395 
 396 
 397 
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Appendix 2 398 
Anterior Cruciate Ligament Repair Protocol 
Post-op 
Status 
Weight 
Bearing 
Brace Range of 
Motion 
Therapeutic Exercise Precautions 
Week 0-2 WBAT* 
Locked in Full 
Extension 
Locked in full 
Extension  
0-115  Quad Sets, glute sets, ankle 
pumps. 
No ROM 
restrictions day 1; 
ROM values are 
guidelines for 
progression only, 
advance as 
tolerated with 
emphasis on 
achieving full 
extension ROM 
Hamstring and calf 
stretches. 
Multiangle quad isometrics 
90-50 
Multiplane straight leg 
raises 
Knee extensions, open chain 
90-40 
Patellar mobs, heel slides, 
Passive ROM* 
Standing weight shifts 
Standing mini-squats 
Proprioceptive exercises in 
sitting w/o shoe 
Balance Exercises 
 
Week 2-4 WBAT 
Unlocked 
Begin to unlock 
for ambulation 
0-130 Above exercises and 
Passive/Active ROM 
 
Hamstring Curls 
Leg Press 
Bicycle for ROM 
Stationary mini-lunge 
forward 
Step-ups 
Calf raises (standing 
bilateral- unilateral) 
Wall slides 
Progress standing balance 
and  proprioceptive 
exercises 
Pool walking program once 
incision is fully healed 
 
Week 4-6 FWB* Discharge at 
week 4 
0-WNL* Above exercises and 
Passive/Active ROM 
 
Step-downs 
Lateral step-ups 
Squats (increase ROM) 
Stair stepper machine        
(< 20mins) 
Continue with exercises to 
promote terminal knee 
extension 
Bicycle for Cardiovascular 
Endurance 
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Week 6-8 FWB - 0-WNL Above Exercises  
Advance CKC's and 
functional exercises 
Begin walking program for 
cardiovascular endurance 
Increase time on stair 
stepper machine 
 
Week 8-12 FWB - 0-WNL Light plyometrics if good 
hip and knee mechanics 
 
Perturbation training  
May initial gentle yoga 
Elliptical for cardiovascular 
endurance 
 
Week 12-16 FWB - 0-WNL Agility drills (forward 
progressing to lateral as 
appropriate) 
 
Advance plyometrics 
Sport specific training 
Initiate jogging program 
Begin acceleration strength 
and conditioning program  
 
Week 16-20 FWB - 0-WNL Cybex isokinetic exam 
week 16 
 
Return to sport pending MD 
follow up and isokinetic test 
results 
*WBAT= Weight Bearing as Tolerated 
*FWB= Full Weight Bearing 
*WNL= Within Normal Limits 
*ROM= Range of Motion 
 399 
